Micro-drill wear deteriorates accuracy and productivity of the micro components. In order to improve productivity and quality of micro components, it is required to investigate microdrill wear exactly. In this paper, a machine vision system is proposed to measure the wear of micro-drills using a precision servo stage. Calibration experiments are conducted to compensate the machine vision system. Worn volume, area and length are defined as wear amounts. Micro-drill wear is reconstructed as the 3D topography and the quantized wear amount by using the shape from focus (SFF) method and topographic parameters. Experiments have been conducted with HSS twist micro-drills and 0.45% medium-carbon steel workpieces. Validity of the proposed machine vision system is confirmed through experiments.
INTRODUCTION
Micro-drilling process has been widely used to produce micro holes, such as micro dies and molds, fuel injection nozzles, watches, bearings, and printed circuit boards, etc. Micro-drill wear during micro-drilling process deteriorates accuracy and productivity of the micro components. By correctly measuring the wear of micro-drill, it is possible to understand the wear characteristics and to predict the optimal change time of drills. Condition monitoring of the microdrill wear is indispensable to achieve the required quality of micro components. In order to improve productivity and quality of micro components, it is required to investigate microdrill wear exactly.
Tool wear measurements are divided into direct and indirect methods. The indirect methods, such as cutting thrust force, torque signal (Shih et al. 2005, Lin and Ting 1995) , and cutting temperature (Bono and Ni 2005) measurements have been used for conventional drills. These methods deduce tool life or wear from change of measuring signals. However, it is impossible to observe the wear of complex shaped drills by using those methods. For direct methods, measurements using SEM (scanning electron microscope) (Nickel et al. 2000, Chen and Liao 2003) , confocal microscope (Chen and Liao 2003), and lasers have been used. However, these measurement systems are very expensive and take much time to measure. And it is difficult to use in the rugged work space.
In this paper, a machine vision system is proposed to measure wear of micro-drills using a precision servo stage. The wear is measured by image processing procedures (Gonzalez and Woods 2002) and shape from focus (SFF) (Chung and Yoon 2004 , Nayar and Nakagawa 1994 , Chung et al. 2004 ) methods on the proposed vision system. And to obtain good images, halogen light source is used. Calibration
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